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1. Muon Anomalous Magnetic Moment


2. Implications for BSM Physics


• Singlet Scenarios


• Electroweak Scenarios


3. Summary
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�• Anomalous Magnetic Moment

• Magnetic moment (macroscopic)

• Possible to define for a fundamental particle

• Relativistic quantum mechanics prediction
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1. Muon Anomalous Magnetic Moment
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• Theory  vs  Theory  vs  Experiments

1. Muon Anomalous Magnetic Moment

 Zoltan Fodor’s email
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1. Muon Anomalous Magnetic Moment

What if goes up

to 5 sigma?

• Theory vs Experiment
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2. Implications for BSM Physics

• A quick estimate
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• A quick estimate
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MBSM < 1GeV

2. Implications for BSM Physics
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• A quick estimate
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2. Implications for BSM Physics

• Light Weakly Coupled Sectors TAGGING TRACKER

MAGNET
ECAL

HCAL
μ-

RECOIL  
TRACKER E/

20 CM

TARGET

Figure 2. Experimental schematic. The incoming muon beam passes through a tagging tracker in the

magnetic field region before entering the tungsten target. Outgoing muons are detected with a recoil tracker,

with the magnet fringe field providing a momentum measurement. Electromagnetic and hadronic calorimeters

veto on photons and hadrons produced in hard interactions in the target which could lead to significant muon

energy loss.

interactions, and V is identified as the gauge boson of this new U(1). Such models are inaccessible
with both traditional WIMP searches [19–25] and to most of the emerging sub-GeV dark matter
search program, which consists of of new direct detection [26–39] and fixed target experiments
with electron [12, 13, 40–43] and proton beams [16, 44–51]; for a review and summary, see [3].

We emphasize that M3 Phase 1 can be completed with minimal modifications to the Fermilab
muon source and with only a few months of data-taking. A null result would decisively exclude any
new-physics explanation of the (g � 2)µ anomaly from invisibly-decaying muon-philic particles below
100 MeV. Phase 2 is comparable to the CERN SPS proposal, and in this paper we focus specifically on
the advantages of pairing such an experiment with the lower-energy Fermilab muon beam, highlighting
the relevance of this search to the thermal DM parameter space. Furthermore, both phases could be
implemented as muon-beam reconfigurations of the proposed LDMX experiment with few additional
modifications.

This paper is organized as follows. In section 2 we review the physics motivation for our benchmark
models; in section 3 we discuss the characteristics of signal production; in section 4 we describe the
basic experimental setup and relevant background processes; in section 5 we describe the necessary
detector and beam properties; in section 6 we describe the projected sensitivities of our Phase 1 and
Phase 2 proposals; finally, in section 7 we o↵er some concluding remarks.

2 Physics Motivation

In this section we present the physics motivation for invisibly decaying muon-specific scalars S or
vectors V . We begin by reviewing the contributions of vector and scalar particles to (g � 2)µ, and
then present a concrete benchmark model with a muon-philic gauge interaction which can be coupled

– 4 –

[YK, Krnjaic, Tran, Whitbeck, 1804.03144]



10
Rodolfo Capdevilla, Perimeter Institute and University of Toronto

R. Capdevilla et al., e-Print: 2101.10334
R. Capdevilla et al., e-Print: 2006.16277

• Is it possible to discover all BSM solutions to the (g−2)μ anomaly?

NP?

2. Implications for BSM Physics
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Figure 1: The philosophy of our “model-exhaustive” analysis. Traditional model-independent anal-
yses express the new physics contribution to (g�2)µ as a non-renormalizable operator, either in the
low-energy theory after EW symmetry breaking (left) or in the full SM gauge invariant formulation
(middle). This makes no assumptions about the new physics but is limited to indirect signatures
of the new physics produced by the same operator. Since we want to probe direct signatures of the
BSM physics which solves the (g � 2)µ anomaly, we add the single assumption of perturbativity to
the traditional model-independent analysis, which resolves the new �aµ contributions into explicit
loop diagrams of new states { i} carrying specific SM quantum numbers (right). If the Higgs inser-
tion lies on the external muon, �aµ is suppressed by yµ, while �aµ can be significantly enhanced
if the Higgs couples to new particles in the loop. By exhaustively analyzing all possible choices of
new states, we can derive predictions for direct signatures that are as universal as the traditional
model-independent predictions for indirect signatures.

The idea of a model-exhaustive analysis is not, of course, a new one. However, the
challenge lies in systematically covering all possibilities of BSM particles, or at least those
possibilities relevant to answering a specific phenomenological question. We now explain
how to perform this analysis for the (g�2)µ anomaly, with an eye towards direct signatures
at future muon colliders.6

We limit ourselves to those perturbative BSM scenarios where the required �aµ is
generated at one-loop order. There are certainly many possibilities for BSM physics that
solves the (g � 2)µ puzzle by generating only new higher-loop contributions [4, 75, 76], but
the mass scale of new physics in those scenarios is necessarily much lower (by roughly some
power of a loop factor) than the highest mass scale possible in BSM scenarios that generate
�a

obs
µ at one-loop.
Our exhaustive coverage of candidate BSM theories for (g � 2)µ is informed by the

characteristic experimental signatures available in each class of scenarios. For this reason,
we divide up the space of possibilities into two classes, illustrated schematically in Figure 2:

1. Singlet Scenarios: defined as BSM solutions to the (g � 2)µ anomaly in which the
6For a philosophically similar approach to the Hierarchy Problem, see [74].
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low-energy theory after EW symmetry breaking (left) or in the full SM gauge invariant formulation
(middle). This makes no assumptions about the new physics but is limited to indirect signatures
of the new physics produced by the same operator. Since we want to probe direct signatures of the
BSM physics which solves the (g � 2)µ anomaly, we add the single assumption of perturbativity to
the traditional model-independent analysis, which resolves the new �aµ contributions into explicit
loop diagrams of new states { i} carrying specific SM quantum numbers (right). If the Higgs inser-
tion lies on the external muon, �aµ is suppressed by yµ, while �aµ can be significantly enhanced
if the Higgs couples to new particles in the loop. By exhaustively analyzing all possible choices of
new states, we can derive predictions for direct signatures that are as universal as the traditional
model-independent predictions for indirect signatures.

The idea of a model-exhaustive analysis is not, of course, a new one. However, the
challenge lies in systematically covering all possibilities of BSM particles, or at least those
possibilities relevant to answering a specific phenomenological question. We now explain
how to perform this analysis for the (g�2)µ anomaly, with an eye towards direct signatures
at future muon colliders.6

We limit ourselves to those perturbative BSM scenarios where the required �aµ is
generated at one-loop order. There are certainly many possibilities for BSM physics that
solves the (g � 2)µ puzzle by generating only new higher-loop contributions [4, 75, 76], but
the mass scale of new physics in those scenarios is necessarily much lower (by roughly some
power of a loop factor) than the highest mass scale possible in BSM scenarios that generate
�a

obs
µ at one-loop.
Our exhaustive coverage of candidate BSM theories for (g � 2)µ is informed by the

characteristic experimental signatures available in each class of scenarios. For this reason,
we divide up the space of possibilities into two classes, illustrated schematically in Figure 2:

1. Singlet Scenarios: defined as BSM solutions to the (g � 2)µ anomaly in which the
6For a philosophically similar approach to the Hierarchy Problem, see [74].
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• Simple Models • Complicated Models

Produce singlets - Muon coupling

• Phenomenology can be tricky • Easy Phenomenology

Focus lightest charged state!

2. Implications for BSM Physics



12
Rodolfo Capdevilla, Perimeter Institute and University of Toronto

R. Capdevilla et al., e-Print: 2101.10334
R. Capdevilla et al., e-Print: 2006.16277

• Is it possible to discover all BSM solutions to the (g−2)μ anomaly?

(Introduce only SM singlets into the loop)
“Singlet scenarios”

(Introduce at least one new charged state)
“Electroweak scenarios”

• Simple Models • Complicated Models

Produce singlets - Muon coupling

• Phenomenology can be tricky • Easy Phenomenology

Focus lightest charged state!

Particularly relevant for a Muon Collider:


• For singlet scenarios, can couple to singlet via 
same coupling that makes g-2


• For EW scenarios, can reach high energies 
and discover "all" charged particles with 
masses < Ecm/2

2. Implications for BSM Physics
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BaBar

A 3 TeV Muon Collider 
can probe all Singlet 
explanations for g-2
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“Singlet scenarios”

3 TeV Muon Collider Perturbative 
Unitarity Violation

Fixed-target 
experiments

100GeV

Tricky

MBSM⇠ 3TeV⇠ 1GeV
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2. Implications for BSM Physics: Singlet Scenarios
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Maximal couplings at 
the perturbativity limit
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⇠ 100TeV

- EW representations 
up to 3


- Models with charged 
scalars up to Q = 2


- BSM number of 
flavours up to 10

If only perturbative 
unitarity


Heaviest states at 
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NBSM

2. Implications for BSM Physics: EW Scenarios

“Electroweak scenarios”
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Heaviest states at 


-  Large couplings

-  MFV

- “Empirical” Fine tuning


(Higgs and muon mass)LEP

MBSM
Reasonable assumptions

yBSM ⇠ 1
NBSM < 10 (. 100 ab�1)

~ 20 TeV Muon Collider

2. Implications for BSM Physics: EW Scenarios



Summary
1. Measurements of the anomalous magnetic moment of fundamental particles are 

important laboratories for high precision tests of the SM


2. The lack of evidence of the new physics responsible for (g-2)μ in other 

experiments might indicate that such new physics is so heavy that it cannot (yet) 

be produced. For the most perverse BSM scenarios M ~100 TeV


3. Reasonable assumptions about flavour and fine tuning suggest that the most 

perverse scenarios that can explain (g-2)μ might actually point at a mass scale of 

about 10 TeV


4. A MuC is in a privileged position:  It collides the particles of the anomaly and it 

can reach high COM energies. It is possible to establish a No-Lose theorem for a 

MuC program in case g-2 is confirmed as a source of new physics!
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Thanks!

Rodolfo Capdevilla, Perimeter Institute and University of Toronto


